immature germ-cells stain very well. However, it is also possible that the cell-membrane of sperm heads is not permeable to A.N.F. Our attempts to demonstrate nuclear staining of sperm heads pre-treated with various enzymes have been unsuccessful.
The other evidence with regard to histone comes from a study, which Dr. Weir and I have made, of the effect of deoxyribonuclease (DNAse) on A.N.F. staining (Table II) . If we treat Table I (Muiller-Eberhard et al., 1956; Fahey and Horbett, 1959; Fahey, 1960) .
The 18S gamma globulins of normal serum include antibody activities, of which the isohemagglutinins are the best known. Gamma macroglobulin levels are altered in a number of diseases. The most marked increases are seen in Waldenstrom's macroglobulin2mia (Waldenstrom, 1944) and severe reductions of Goodman (1959) noted that sera of some patients with lupus erythematosus reacted strongly with nucleoprotein extracts prepared from liver, but weakly with nucleo-protein extracts from the thymus. We studied these anti-liver nucleo-protein factors in some detail and found them to be gamma macroglobulins, that is, within the group of gamma globulins with a molecular weight about 1,000,000 and an ultracentrifugal sedimentation coefficient of 18S (Goodman et al., 1959) . This finding was unexpected for the serum factors responsible for L.E. cell formation and, in fact, every other serological reaction in lupus erythematosus had been described as being a property of the smaller, 6-6S gamma globulins with molecular weight of about 160,000 (Holman and Robbins, 1959) . Why some patients with lupus erythematosus produce the large molecule antibody to nucleoprotein instead of the smaller, more typical antibodies with molecular weight of about 160,000 remains unknown. Similarly, why the isohemagglutinins or many Rh antibodies should be large molecular weight antibodies is still to be answered.
Site of Macroglobulin Formation
Very little is known of the factors controlling production of the gamma macroglobulins and it is only recently that the site of origin of these interesting proteins has been considered. We have approached the problem from two standpoints. First, the cellular changes of diseases characterized by markedly increased gamma macroglobulins were examined. Second, we attempted to identify gamma macroglobulin within the tissues by means of immunofluorescent techniques.
Markedly increased gamma macroglobulin is an essential and, probably, unique feature of the disease known as Waldenstrom's macroglobulinlemia, and the morphologic changes in this disease should be of help in characterizing the cells of macroglobulin origin. Examination of the lymph nodes or bone-marrow of a patient with such marked serum protein changes reveals marked increases in lymphocytes or lymphoid plasma-cells. The lymphocytoid plasma-cells show the eccentric nucleus, paranuclear clear zone and deeply basophilic cytoplasm of the plasma cell, but the nuclear chromatin pattern more nearly resembles that of a lymphocyte. These lymphocytoid-plasma cells are of additional interest because some contain discrete collections of intranuclear and intracytoplasmic material which stain pink or red with Giemsa stain (Dutcher and Fahey, 1959) . Other stains confirm the protein nature of the intranuclear material.
Intranuclear Glycoprotein in Macroglobulinamia
The intranuclear and intracytoplasmic protein collections were notable also for having a high carbohydrate content which was revealed by a strong PAS staining reaction (Dutcher and Fahey, 1959) . The significance of the relatively high carbohydrate content, we felt, lay in the indication that this intracellular, intranuclear glycoprotein might well be identical with the circulating macroglobulin. Gamma macroglobulins also contain a relatively large amount of carbohydrate. If spread on a glass slide they stain with the same intensity as is seen within the lymphocytoid plasma-cells.
Additional evidence of identity between the intracellular glycoprotein and the circulating macroglobulin was obtained by immunofluorescent techniques. Antisera to macroglobulin, prepared in rabbits and absorbed so as to be specific for the gamma macroglobulin, were labelled with isothiocyanate. Bone-marrow preparations from patients with macroglobulinemia treated with the specific antisera reacted to show intracellular, frequently intranuclear, fluorescent staining (Dutcher and Fahey, 1960) . On counterstaining, these areas were found to be PAS positive. This evidence strongly supports the idea that the intranuclear material was gamma macroglobulin.
The finding of large amounts of macroglobulin within the lymphocytoid plasma-cell is compatible with the postulate that these cells synthesize gamma macroglobulin. The cytoplasm appears to be involved in gamma macroglobulin fbation since the immunofluorescent studies show that there may be considerable amounts of macroglobulin in the cytoplasm, and the cytoplasm of the lymphoid-plasma cells is known to be rich in ribonucleoprotein and endoplasmic reticulum as are all other cells producing quantities of protein for extracellular distribution. The finding of gamma macroglobulins within the nucleus raises the possibility that some macroglobulins are formed in the nucleus, although the presence of macroglobulin within the nucleus does not prove that it is formed within the nucleus, or even within the cell. However, examination of morphologic material from patients with macroglobulinemia suggests progressive increase of the macroglobulin collection within the nucleus and eventual passage into the extracellular fluid (Dutcher and Fahey, 1959) .
The finding of intranuclear macroglobulin may signify an increased production of gamma macroglobulin. It is conceivable that the intranuclear 18S gamma globulin collections are analogous to the Russell bodies containing 6 6S gamma globulin in plasma-cell cytoplasm. Intranuclear gamma globulin localization is not restricted to cells which are malignant. White (1961) at the London Hospital has shown that antibodies may be present in the nucleus of germinal follicle cells and medullary plasma-cells of lymph nodes from hyperimmunized rabbits. We have also seen intranuclear PAS-positive material in lymphoid cells of a few patients without Waldenstrom's macroglobulinemia. Cells with intranuclear PAS positive material, however, have not been found in patients with multiple myeloma or lymphocytic leukwmia, Recognition of these cells has proved to be of some value in suggesting the diagnosis of Waldenstr6m's macroglobulinmmia, but they probably also occur in other diseases with reactive or secondary macroglobulin increases.
These observations emphasize several aspects of the relationship between cell nuclei and gamma macroglobulins. More facets of this relationship will become apparent with the extension of morphologic, immunological and physicobiochemical approaches to the study of cell function in health and disease.
